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(54) Buffer layer for improving control of layer thickness 



(57) A pad layer disposed on a semiconductor sub- 
strate 102 and a buffer layer 10S disposed within the 
pad layer such that the pad layer is divided into a die- 
lectric layer 1 06 below the buffer layer and a mask layer 
110 above the buffer layer A method of forming layers 
with uniform plananty and thickness on a semiconductor 
chip includes the steps of providing a substrate having 



a thermal pad 106 formed thereon forming a dielectric 
layer 1 06 on the thermal pad forming a buffer layer 1 OS 
on the dielectric layer wherein the buffer layer is made 
from a different material than the dielectric layer and 
forming a mask layer 1 10 on the buffer layer wherein the 
buffer layer is made from a different material than the 
mask layer 
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BACKGROUND 

1 . Technical Field 

[0001] "~-":s d-sclcs-jre relates :o semiconductor de- 
vices .inc more particularly to h ouffer layer disposed 
witmn a dieiectdc layer to allow improved centre-: of di- 
electric thickness and planarity rind a metnod of forming 
the buffer ayer 

2. Description of the Related Art 

[0002] Semiconductor wafers such as these made of 
silicon are used as a substrate for processing integrat- 
ed circuit chips As processing has improved over the 
years wafer diameters have increased to their current 
si/e of approximately 8 inches and greater Wafers are 
generally sliced oft from a large silicon crystal ingot and 
are generally circular in shape 

[0003] Decreasing feature size for integrated circuit 
chips has 'ncreased the cnticahty of the planarity of the 
wafer Today with sub-micron features becoming wide- 
spread surface planarity is assuming new importance 
since it offers a key to boosting performance Process 
control for these ever decreasing feature sizes increas- 
ingly becomes more dependent on surface uniformity 
and planarity Surface uniformity and planarity is difficult 
to control especially when a surface layer has been ex- 
posed to many processing steps The processing steps 
for example dry etching wet etching or chemical me- 
chanical polishing (CMPi may partially consume the 
surface layer reducing the planarity an adding non-uni- 
formities on the surface 

[0004] Chemical mechanical polishing (CMPi is a 
process for improving the surface planarity of a semi- 
conductor wafer and involves the use of mechanical pad 
polishing systems usually with a silica-based slurry 
CMP offers a practical approach to achieving the impor- 
tant advantage of global wafer planarity However CMP 
systems for global plananzation have certain limitations 
These limitations include low wafer throughput polished 
surface non-uniformity and a problem related to polish- 
ing uniformity known as "edge exclusion" 
[0005] Surface non-uniformity often has a negative ef- 
fect on photolithographic masking Non-uniformities are 
carried through sequential processing resulting m vari- 
ations in dielectric layers and performance of compo- 
nents Photolithographic images are distorted having 
undesired effects on electronic components formed on 
the semiconductor chip 

[0006] As shown in FIG 1 during manufacturing of 
trench capacitors a pad stack 11 is formed on the sur- 
face of the substrate The pad stack comprises sequen- 
tial pad layers A first pad dielectric layer 14 is formed 
on the substrate The first pad layer is typically a pad 
oxide layer formed by thermal oxidation A second pad 
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aye-' '2 s r c:mec eve- :-c cno cx-dc- -aye- Ah en :yc - 

-ldres on and r eouces stress oetween t-c pnd mr ce 
Inyer -ind the suost-'.-ste Above 'he pno mtr ae inyer .s 
5 hard mas* layer 1 5 ~ne rw?d mask :nye< s typ-eally pat- 
terned to serve as n mask for etcrrnq of aeec trenches 
used to form trench capactors "he hare mask laye" 
comprises fey examo.o TECS c? ccrcn-s i.cate giciss 
BSC 

r ? [0007] The pad nitride layer * 2 serves as a polish and 
or an etch stop layer As such the pad stop layer 12 is 
subjected to polishing steps and etching steps dunna 
processing Pad layer 12 frequently nas a nonuniform 
thickness due to this pr.or processing In order 'or this 

7 ^ .ayer to be effective as a ponsh or etch stop -aver it must 
maintain a certain minimum snfe thickness it s to act 
as a polish stop for example The non-uniformities cre- 
ated m earlier polishing and etching steps potentially 
leave "low spots" which can be below the m-.nirnum -a- 
-0 quired thickness of the stop layer 

[0008] Therefore a need exists for a method and ap- 
paratus for creating a uniform thickness layer which has 
been exposed to prior processing steps 

SUMMARY OF THE INVENTION 

[0009] A semiconductor device for forming dielectric 
layers of uniform thickness includes a pad layer dis- 
posed on a semiconductor substrate The pad layer 
J0 comprises a dielectric material A buffer layer is dis- 
posed within the pad layer such that the pad layer is di- 
vided into a dielectric layer below the buffer layer and a 
pad layer above the buffer layer 

[0010] In particular the semiconductor device in- 
eludes a plurality of dielectric layers and a plurality of 
buffer Inyers therethrough The buffer layer can be made 
from an oxide preferably TECS and the dielectric layer 
can be made from silicon nitride The buffer layer can 
be less than about 100 angstroms thick pieferably be- 
~o tween about 50 and 100 angstroms thick The semicon- 
ductor device with the buffer layer can be used in fabri- 
cating trench capacitors 

[0011] A method of f orming layers with uniform 
planarity and thickness on a semiconductor chip m- 
eludes the steps of providing a substrate having a ther- 
mal pad formed thereon forming a dielectric iayer on 
the thermal pad forming a buffer layer on the dielectric 
layer wherein the buffer layer is made from a different 
compound than the dielectric layer and forming a mask 

50 layer on the buffer layer wherein the buffer layer is made 
from a different compound than the mask layer 
[0012] In one embodiment the buffer iayer is an ox- 
ide preferably TEGS and the pad layer is silicon nitride 
The step of using the buffer layer as an additional etch 

*5 stop and forming a layer of glass on the pad layer can 
be included The following step of forming a plurality of 
pad stop layers on a plurality of buffer layers wherein 
the plurality of buffer layers are made from a different 
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compound tnan the plurality o* pad stop layers or using 
V"c buffer ayei as a polish stop may niso be incuded 
[0013] A method of forming layers with uniform 
plananty and thickness >n semiconductor chips with 
trenches may include the stops of providing a semicon- 
ductor device having a pad layer disposed on a semi- 
conductor substrate rind a buffer layer disposed within 
the pad stop layer such that the pad store layer is divided 
into a dielectric layer below the butter inye' and a pad 
stop layer above the buffer layer forming trenches with- 
in the semiconductor chip filling the trenches with a fill- 
er polishing to the pad stop layer using the buffer layer 
r-is an etch stop for removing the pad stop layer and re- 
moving the buffer Ir-iyer such that a substantially uniform 
surface is formed on the dielectric layer The step of 
forming a TEOS collar within the trenches is included 
The step of removing the buffer layer may include re- 
moving the buffer layer and a portion of the TEOS layer 
simultaneously The buffer layer may be formed from 
TEOS and the mask layer and the dielectric layerformed 
from silicon nitride A layer of glass on the mask layer is 
formed prior to forming trenches The steps of forming 
a plurality of pad stop layers on a plurality of butter layers 
wherein the plurality of buffer layers are made from a 
different compound than the plurality of pad stop layers 
is included 

[0014] In alternate embodiments the steps of refilling 
the trenches with a filler and using chemical down- 
stream etching [CDEi dry etching wet etching or CMP 
to form a recess in the forming a shallow trench isolator 
m the recess tor example and using the dielectric layer 
as a polishing stop for polishing the shallow trench iso- 
lator trenches may be included 
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lemoved 

FIG G is ri cross sectional view of the semiconduc- 
tor chip of FIG 8 trenches filled with a lillei and pol- 
ished to the mask layer 

FiG 1 0 is a cioss sectional view of the semiconduc- 
tor chip of F;G Q having the filler recessed 
FIG 11 is a cross sectional view of the semiconduc- 
tor chip of FiG 10 having TEOS layer etched to the 
tiller 

FIG 1 2 is a cross sectional view of the semiconduc- 
tor chip of FiG 11 having trenches refilled 
FIG 1 3 is a cross sectional view of a semiconductor 
chip of an illustrative embodiment after polishing 
FIG 1 4 is a cross sectional view of the semiconduc- 
tor chip of FIG 1 3 after removing the mask layer 
FIG 1 5 is a cross sectional view of the semiconduc- 
tor chip of FIG 14 after a buffer layer is removed 
and showing a dielectric layer of substantially uni- 
form thickness and plananty 

FIG 1 6 is a cross sectional view of a semiconductor 
chip having a recess formed therein for receiving a 
shallow trench isolator therein and showing a die- 
lectric layer acting as a polish stop 
FIG 1 7 is a cross sectional view of a semiconductor 
chip of another illustrative embodiment after polish- 
ing 

FIG 1 8 is a cross sectional view of the semiconduc- 
tor chip of FIG 17 after removing the mask layer 
and 

FIG 1 9 is a cross sectional view of the semiconduc- 
tor chip of FIG 18 after a buffer layer is removed 
and showing a dielectric layer of substantially uni- 
form thickness and plananty 



BRIEF DESCRIPTION OF DRAWINGS JS DETAILED DESCRIPTION OF THE INVENTION 



[001 5] This disclosure will present in detail the follow- 
ing description of preferred embodiments with reference 
to the following figures wherein 

FIG 1 is a cross sectional view of h prior art semi- 
conductor chip 

FIG 2 is a cross sectional view of h semiconductor 
chip showing a buffer layer 

FIG 3 is a cross sectional view of a semiconductor 
chip showing a plurality of buffer layers 
FIG 4 is a cross sectional view of a semiconductor 
chip showing trenches formed therein 
FIG 5 is a cross sectional view of the semiconduc- 
tor chip of FIG 4 having trenches filled with a filler 
FIG 5 is a cross sectional view of the semiconduc- 
tor chip of FIG 5 having a mask layer exposed by 
removing a filler layer thereon 

FIG 7 is a cross sectional view of the semiconduc- 
tor chip of FIG 6 with the filler etched and a TEOS 
layer deposited 

FIG 8 is a cross sectional view of the semiconduc- 
tor chip of FIG 7 with a portion of the TEOS layer 



[0016] The present disclosure describes a method of 
forming a buffer layer within a pad layer separating it 
into a pad stop layer and a dielectric layer The pad stop 

-to layer can be polished etched and processed as need- 
ed When pad stop layer is no longer necessary it can 
be selectively etched away to expose the buffer layer 
The buffer layer can now be processed and/or selective- 
ly etched away to expose the dielectric layer Since the 

-5 dielectric layer has been protected during previous 
processing the dielectric layer has a predetermined 
thickness above a minimum required thickness to serve 
as a polish or etch stop and may be advantageously 
used to create electronic components therefrom on a 

so semiconductor chip 

[0017] Referring now in specific detail to the drawings 
in which like reference numerals identify similar or iden- 
tical elements throughout the several views and initially 
to FIG 2 a cross section of a substrate 102 The sub- 

55 strate represents a portion of an IC Such an IC includes 
a memory circuit such as a random access memories 
(RAM) a dynamic RAM (DRAM) a synchronous DRAM 
(SDRAM) or a static RAM (SRAM) The IC can also be 
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DRAM-icqic c\ r cu-: cr any c rcurt devce 
[0018] Tyc.cnrly 'VticOuS Cs -i'O 'nO"Cntoa C" 
semiconductor substrate such <t s.lrcon wafe r n oar- 5 
riiloi Alte' processing the wafer is aicea m order x seo- 
a r r-i t e the Cs ntca p!_*ahty o* individual enips The chics 
are then pac*aged .ntc final products fc r use in for ex- 
ample consumer products such as computer systems 
cellular phones personal digital assistants ■■ PDAs] and 
other electronic products 

[0019] As shown a substrate 102 is provides The 
substrate fcr exampie comprses a s-hcon wafer Ctner 
semiconductor substrates such as gallium arsenide 
germanium silicon on insulator > SO 1 1 cr other sem;con- ! 5 
ductcr materials are also useful The substrate for ex- 
ample may oe lightly or heaviiy doped with dopants of 
a pre-determined conductivity to achieve the desired 
electrical charactenst cs 

[0020] A thermal pad layer 1 04 is formed on substrate ~o 
1 02 Thermal pad layer 104 may be formed by exposing 
substrate 102 to oxygen under elevated temperature 
conditions to form a silicon dioxide compound for ex- 
ample A dielectric layer 106 is formed on thermal pad 
layer 104 Dielectric layer 1 06 is formed using a chem- 
ical vapor deposition iCVD) process for example low 
pressure chemical vapor deposition iLPCVD) or plasma 
enhanced chemical vapor deposition 'PECVD; 
[0021] A buffer layer 108 is formed on dielectric layer 
1 06 by a gas deposition process Buffer layer 1 08 is se- 30 
lectively removable with respect to a pad layer 1 1 0 di- 
electric layer 1 06 and materials in processed structures 
for example trenches Pad layer 110 buffer layer 105 
and dielectnc layer can fcr example have the following 
material combinations respectively oxide nitride oxide 
nitride oxide nitride oxide polycrystallme siliconipoly , 
oxide nitride poly nitride poly nitride poly or poly oxide 
poly Mask layer 110 is formed on buffer layer 105 by 
using a CVD process for example LPCVD or PECVD 
A hard move glass layer 112 is formed on mask layer -0 
110 The hard mask layer comprises for example bo- 
ron-silicate glass (BSG) or TEOS 

[0022] In one embodiment dielectric layer 106 and 
mask layer HO are generally made of silicon nitride in 
order to differentiate the buffer layer 1 05 from layers 106 J * 
and 110 buffer layer 108 can be made form silicon di- 
oxide tetraethyloxosilane (TEOS) or polycrystallme sil- 
icon (poly) Preferably the buffer layer 105 comprises 
TEOS Buffer layer 1 05 can be formed using a low pres- 
sure TEOS deposition process After formation of buffer 50 
layer 105 buffer layer can be subjected to a wet oxide 
annealing process which maintains a temperature of be- 
tween about 550 to 950 degrees C for approximately 10 
minutes in order to density buffer layer 105 Densitica- 
tion of buffer layer 105 improves buffer layer's '08 re- 
sistance to chemical etching for example HF wet etch- 
ing Buffer layer 1 05 is 'or example less than about 1 00 
A and preferably in the range between 50 to 1 00 A thick 



- "ce p'C -i:t o^o aye' * J ^s mem one- aocve s 
" i -\ ..-.ccut 2200 A \r\c-\ me oe.ocvc aye-' 1 05 
cJiei layer " 05 and pad aye* " " j of tne mventon 
s-ouiC r^om.naiiy ,-iac :o a :r-c*ness cf -.co.-: 2200 A 
'm ck Dielectric layer 1 05 -s p'0fe r -i0'y at le^st accut 800 
A tnick m order to achieve the appropriate amount cf 
p'Ctection 

[0023] Referring to FIG 3 it is contemplated that a 
plurality dielectric layers 101 may ce ^sed with a plurai- 
ty of buffer layers 103 to improve uniformity of layers 
coring intermediate processing Plurality cf buffer layers 
1 03 are sandwiched between dielectnc layers 101 and 
c-.n oe usee as polish or etch stops 
[0024] Referring to FIGS 4-12 one illustrative em- 
bodiment of the invention is snown Referring to F IG 4 
a pad stack comprising a single buffer layer 108 that 
separates a dielectric layer 1 06 and a pad stop layer "10 
; s provided on the surface of the substrate As shown 
trenches 1 1 4 are formed in the suostrate Typically the 
trenches are formed by patterning a hard etch mask lay- 
er H2 using conventional lithographic and etch tech- 
mques The hard mask layer serves as a hard etch mask 
for a reactive ion etch iRIE) that is used to form the 
trenches The hard mask layer is etched away by a wet 
etching process using for example hF as an etchant 
At this point a buried plate at the lower portion of the 
trenches is optionally formed using conventional tech- 
nigues such as providing a dopant source and outdif- 
fusmg the dopants therein into the substrate The do- 
pant source for example comprises arsenic doped sil- 
icate glass ! ASG i 

[0025] Referring to FIG 5 trenches 1 1 4 are filled with 
a f-ller 105 such as polycrystallme siiicon f poly i The 
poly for example is heavily doped with n-type dopants 
to f orm the node of the capacitors T he surface of poly 
111 is polished by CMP to form a coplanar surface with 
the pad stop layer 1 1 0 as shown in FIG 6 Referring to 
F:G 7 tiller 105 is recessed leaving a portion of the 
filler material in the lower portion of the trenches (FIGS 
5-6 1 A TEOS layer 116 is deposited to line walls 115 
and a bottom 1 20 of each trench 1 1 4 The TEOS is used 
to form a dielelctnc collar to reduce parasitic leakage 
Typically the TEOS is annealed to improve the isolation 
characteristics of the layer 

[0026] Referring to FIG 5 the TEOS layer 11 6 is re- 
moved from bottom 1 20 and mask layer 1 1 0 by reactive 
ion etching The RIE also removes the TEOS layer from 
the surface of layer 110 as well as the upper portion of 
the trench sidewall In FIG 9 trenches 114 are then 
tilled with a filler 122 such as n-doped poly Filler 122 
in FIG 10 is removed by a wet etching process using, 
for example HFasan etchanttoa predetermined height 
123 within trench 114 The predetermined height corre- 
sponds to for example the bottom of where a buried 
strap is to be formed which also corresponds to where 
the top of the TEOS collar 124 will be Since the wet 
etch is selective to oxide (that is the TEOS does not get 
etchedi the TEOS advantageously protects the silicon 
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sidowrjlls from being olehoa 
[0027] Roforrmq to fig 11 n wot otch selective to sil- 
icon is performed to remove the TEOS This otch to- 
rnoves the TECS up to the about the top of the pciy 
forming the TEOS collar In FIG 12 a tiNer is then used 5 
to till ttenches 1M The fi<ler for example is undoped 
poly used to form a buried strap 

[0028] Referring to FIG 13 after trenches 114 have 
been formed and filled a chemical mechanical polishing 
(CMP) step is performed to remove layers of material ? o 
above pad stop layer 110 Ash result of polishing a top 
surface 126 is uneven which is typical to some degree 
for all polishing procedures Pad stop layer 1 1 0 is re- 
moved by a wet etch or dry etch as shown in FIG 14 
In one embodiment pad stop layer 110 is selectively *s 
etched to buffer layer 106 Buffer layer 108 can be an 
oxide while pad layer 110 is a nitride By providing buffer 
layer 105 to serve as an etch stop a more uniform sur- 
face 1 25 is achieved 

[0029] Referring to FIG 15 buffer layer 106 is re- -0 
moved by etching exposing dielectric layer 106 In one 
embodiment dielectric layer 106 is a nitride while buffer 
layer 106 is an oxide thereby allowing buffer 5 layer to 
be selectively etched away Dielectr ic layer 1 06 can now 
act as a etch stop during wet etching to recess filler 1 22 -5 
into substrate 102 The recess forms a buried strap of 
the trench capacitors Dielectric layer 106 has at least 
a minimum thickness for use as a polish or etch stop 
between two layers Processing can now be continued 
to form trench capacitors for example Dielectric layer 30 
106 has a more uniform height across semiconductor 
chip 100 

[0030] Referring to FIG 16 a shallow trench 130 is 
defined by conventional lithographic and etch tech- 
niques The shallow trench is then filled with for exam- 35 
pie TEOS to form a shallow trench isolation < STI ) The 
TEOS is annealed to densify it The surface is polished 
using dielectric layer 106 as a polish stop This allows 
for better control of the STI 130 height and results in 
better performance -to 
[0031] Referring to FIG 17 another illustrative em- 
bodiment shows a TEOS layer 21 6 already formed with- 
in trenches 214 and a filler 222 introduced and etched 
to a predetermined height within trenches 214 forming 
a recess 215 Recess 21 5 may be formed using chem- -JS 
teal downstream etching (CDE) A substrate 202 has a 
thermal pad layer 204 formed thereon Thermal pad lay- 
er 204 a dielectric layer 206 a buffer layer 205 and a 
pad layer 210 are substantially as described above A 
CMP process has already been performed creating a 50 
top surface 226 on mask layer 21 0 with height variations 
due to polishing 

[0032] Referring to FIG 15 pad layer 2 1 0 is removed 
by a selective wet etch or dry etch Buffer layer 205 acts 
as an etch stop In one embodiment pad layer 210 is ^ 
selectively etched to buffer layer 208 Buffer layer 206 
can be an oxide while mask layer 210 is a nitride By 
providing buffer layer 208 a more uniform surface 226 
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■s achieved if buffer !ayt5^?06 <s .-in ox=de both buffer 
■ayer 208 and T EOS layer 2 1 6 can be removed in a sin- 
gle etching slop Filler 222 acts as a mask to prevent 
TEOS layer 216 from being removed where tiller 222 is 
present in trenches 214 

[0033] Referring to FIG 1 0 dielectric layer 206 has a 
more uniform surface 230 thereon A collar 224 has 
been formed in each trench 214 and filler 222 has been 
added for further processing to form trench capacitors 
Filler 222 may be removed using chemical downstream 
etching :CDE] which can provide improved uniformity 
for etched surfaces CMP may also be used although 
CMP as mentioned above potentially creates more 
non-uniformitios By using CDE a deep trench recess 
can be formed for the placement of an STI as shown in 
FIG 16 STI will again use dielectric layer 206 as a 
polish stop as mentioned above The polish stop is bet- 
ter defined due to reduced variations supplied by remov- 
al of buffer layer 205 

[0034] Having described illustrative embodiments of 
a buffer layer disposed within a dielectric layer to allow 
improved control of dielectric thickness and plananty 
and a method of forming the buffer layer (which are in- 
tended to be illustrative and not limiting) it is noted that 
modifications and variations can be made by persons 
skilled m the art in light of the above teachings It is 
therefore to be understood that changes may be made 
in the particular embodiments of the invention disclosed 
which are within the scope and spirit of the invention as 
outlined by the appended claims Having thus described 
the invention with the details and particularity required 
by the patent laws what is claimed and desired protect- 
ed by Letters Patent is set forth in the appended claims 



Claims 

1. A semiconductor device comprising 

a pad layer disposed on a semiconductor sub- 
strate and 

a buffer layer disposed within the pad layer 
such that the pad layer is divided into a dielec- 
tric layer below the buffer layer and a mask lay- 
er above the buffer layer 

2. A semiconductor device as recited in claim 1 where- 
in the pad layer includes a plurality of buffer layers 
therethrough 

3. A semiconductor device as recited in claim 1 where- 
in the buffer layer is made from TEOS and the mask 
layer and the dielectric layer are made from silicon 
nitride 

4. A semiconductor device as recited in claim 1 where- 
in the buffer layer is less than 100 angstroms thick 
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6. A meinod of forming .dyers vvitn .j'-.rorm plananty 
and th.cKness on a semiconductor cn ip comer sing 
rno steps o* 

provainq a substrate naving a thermal c.ao 
formed thereon 

forming a dteiectnc layer on the thermal pad 
forming a buffo r layer cn the dieiectnc 'ayer 
wherein the buffer ■ayer is made from a different 
material than the dielectric inyer and 
forming a mask layer on the bu^er iaye r where- 
in the buffer layer is made from a different ma- 
terial than the mask layer 

7. A method of forming layers with uniform plananty 
and thickness as recited in claim 6 wherein the butl- 
er layer is TEOS and the mask layer and the dielec- 
tric layer are silicon nitride 

8. A method of forming iayers with jniform plananty 
and thickness as recited <n claim 5 further compris- 
ing the step of using the buffer layer as an etch stop 

9. A method of forming layers with uniform plananty 
and thickness as recited in claim 6 further compris- 
ing the step of forming a layer of glass on the mask 
layer 

10. A method of forming layers with uniform plananty 
and thickness as recited in claim 6 further compris- 
ing the steps of forming a plurality of mask layers 
on a plurality of buffer layers wherein the plurality 
of buffer layers are made from a different compound 
than the plurality of mask layers 

11. A method of forming layers with uniform plananty 
and thickness as recited in claim 6 further compris- 
ing the step of using the dielectric layer as a polish 
stop 

12. A semiconductor chip fabricated by the method of 
claim 6 

13. A method of forming layers with uniform plananty 
and thickness in semiconductor devices with 
trenches comprising the steps of 

providing a semiconductor device having a pad 
layer disposed on a semiconductor substrate 
and a buffer layer disposed within the pad ayer 
such that the pad layer is divided into a dielec- 
tric layer below the butter Inyer rind a mask lay- 
er above the buffer layer 

forming at least one trench =n a top surface of 




OODOSi' '"q - 0' f ro o-sf Z"C- t'C^cr -no 

C'- at leas: a cct.cn c f : h o toe s^'ico 
-emcving the '. lc-r 'rem the top s-i'aco of tne 
5 device by do- snmg to expose at ;easi a portion 

of the mask layer a-^d 

selectively etc* ma the ^ask 'ayer to expose a 
surface of the ouf'e- 'ayer 

<o 14. A method of forming layers with uniform plananty 
and thickness as recited ;n ciaim f 3 further compris- 
ing the steo of remov-ng the buffer ayer such that 
a substantially uniform surface r em rt ir$ on the die- 
lectrc layer 

15. A method of forming layers with uniform plananty 
and thickness as recited in claim 1 3 further compris- 
ing the step of forming a T EOS collar within the at 
iCast one trench 

20 

16. A method of forming layers with uniform plananty 
and thickness as recited in claim 15 wherein the 
step of removing the buffer layer includes removing 
the buffer layer and a portion of the TEOS layer si- 
multancously 

17. A method of forming layers with uniform plananty 
and thickness as recited in claim 13 wherein the 
buffer layer is TECS and the mask layer and the 

20 dielectric layer are silicon nitride 

18. A method for forming layers with uniform plananty 
and thickness as recited in claim 1 3 further compris- 
ing the steps of forming a plurality of mask layers 

25 on a plurality of buffer layers wherein the plurality 

of buffer layers are made from a different material 
than the plurality of mask layers 

19. A method of forming layers with uniform plananty 
and thickness as recited in claim 1 3 further compris- 
ing the steps of 

refilling the at least one trench with a filler and 
using chemical downstream etching to form a 
~ 5 recess in the at least one trench 

20. A method of forming layers with uniform plananty 
and thickness as recited in claim 15 further compris- 
ing the steps of 

50 

forming a shaHow trench -solator m the recess 
and 

polishing the shallow trench isolator such that 
the dielectric layer is a oolishing stop 

21. A semiconductor cnip fabricated by the method of 
cairn 1 3 
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FIG. 4 
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(54) Buffer layer for improving control of layer thickness 



(57) A pad layer disposed on a semiconductor sub- 
strate 102 and a buffer layer 106 disposed within the 
pad layer such that the pad layer is divided into a die- 
lectric layer 1 06 below the bufler layer and a mask layer 
110 above the buffer layer A method of forming layers 
with uniform plananty and thickness on a semiconductor 
chip includes the steps of providing a substrate having 



a thermal pad 106 formed thereon forming a dielectric 
layer 1 06 on the thermal pad forming a buffer layer 1 06 
on the dielectric layer wherein the buffer layer is made 
from a different material than the dielectric layer and 
forming a mask layer 1 10 on the buffer layer wherein the 
buffer layer is made from a different material than the 
mask layer 
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